Introduction
In recent years there has been a major focus on the transformation of industrial production towards a cleaner production on a sustainable basis [1] . The Brundtland Commission's report Our Common Future [2] defines sustainability very broadly, and encompasses not only a reduction of the environmental influences on nature, but also a reduction of adverse impacts on people, no matter if the impacts are work or leisure related.
One of the foundations for the transformation of production is the implementation of different technologies which are able to reduce pollution and adverse impacts from the technologies in use. The transformation of production is traditionally managed through the implementation of different addon technologies such as ventilation, higher smokestacks, treatment of waste, and the use of protective clothing and screening/shielding of machinery. Recently, the use of substitution of materials, cleaner technologies and changes in habits and organizational routines have been adopted, too. The latter measures, which all could be included under the heading "cleaner production" are advantageous as they prevent pollution or other adverse impacts occurring in the first place. The former add-on technologies are often rejected with reference to the fact that adverse impacts are displaced merely from one area to another, or from one medium, e.g. air, to another, e.g. water.
Today there is considerable agreement that the transformation of production is best implemented through the adoption of cleaner technologies and a preventive approach, thereby avoiding any kind of "problem displacement". Taking sustainability seriously thus implies that environmental protection should take working conditions into consideration.
Many countries have adopted environmental acts which are instigated by a perspective of integration and prevention, under the main aim of stimulating the introduction of cleaner technologies [3, 4] . However, in most countries the transformation to cleaner technologies is a slow process, and there are many indications that cleaner technologies
have not yet experienced a major breakthrough in any branch of industry [5] .
The question of incentives
In relation to the question of dissemination of cleaner technologies, it has been questioned which incentives most efficiently affect the industry. The traditional "command and control" regulation has been under attack for inefficiency, as it neither motivates the adoption of preventive measures nor promotes the most cost-effective solutions [6, 7] . Instead it has been pointed out that economic incentives should be furthered [8] . Besides, it has recently been emphasized that information, education and attitude building in themselves are crucial incentives for a sustainable development.
Different forms of social regulation, e.g. occupational health and safety as well as environmental regulation, have been undertaken in Denmark. They function primarily through the use of different forms of command and control instruments, such as permits, orders and advice and through the imposition of effluent limits, time limits, inspection procedures, etc. These incentives will be further elaborated on in the subsequent section.
In Denmark several economic instruments have been used. The classical economic incentive is the charge, which in this context is meant to increase the price for products which have an adverse impact on the environment, so that the external costs are reflected in the prices [6] . Environmental charges are used only within a few areas (waste disposal, packaging, CFC-gases). Additionally, a number of different fees or "user charges" are imposed on industries and citizens, e.g. for having rubbish collected and disposed of, for treatment of wastewater, etc. Furthermore this "economic aid" programme, e.g. for the dissemination of cleaner technologies, is also a decisive economic incentive. The aforementioned incentives are all aiming at improving the environment. When it comes to working conditions only few economic incentives are in use, primarily through the imposition of different insurance premiums related to the [ Attitudes and knowledge are often seen as decisive factors when companies formulate their own environmental policies or try to stay ahead of the regulatory demands imposed on them [9] . It is well known that "human action" is constrained not only to incidences where demands are imposed or economic benefits gained, but also that people act because it is morally appealing to them, because they have affections for the subject and feel a commitment [10] . Even business behaviour is influenced by attitudes and knowledge, and can thus develop different degrees of responsibility towards society and societal needs [11, 12] . The nurturing of environmental attitudes through the preceding decades, has definitely had an impact on previous and coming generations of management and labour.
Only few investigations have sought to clarify which incentives have affected the cleaner technologies already implemented in industry, but these accentuate that "command and control" regulation has had the decisive influence [13] [14] [15] .
Differences in regulatory approach
In Denmark, as in most other countries, occupational health and safety and environmental regulation are distinct spheres of government policy. This division of labour has its drawbacks, and recently it has been discussed whether this was an optimal solution. The integration of the two administrative bodies could improve performance and service as well as curb some of the growth in the public sector [16] . Furthermore, it becomes still more obvious that there is an actual as well as potential overlap of activities in the regulatory bodies [17] .
The two different kinds of social regulation are organized in two different administrative structures. Occupational health and safety regulation is executed by the Ministry of Labour, and is thus a governmental authority, while environmental regulation is under local and regional authorities and executed by their administrative bodies. Furthermore, the regulatory setting differs widely between the two spheres. Legislation, regulatory means, enforcement and the different parties involved in the implementation of the regulation are so different that we in fact have two different "regulatory paradigms". Let us briefly outline the fundamental differences.
Environmental regulation is almost exclusively based on command and control procedures such as pollution permits (production approvals and wastewater licences) and orders. The Environmental Protection Act is a framework law, and permits or orders are issued by the regional or municipal authorities. Normally they specify limits and standards in the permits. To a certain degree the limits are fixed on the basis of guidelines established by the Environmental Protection Agency, but the local authorities have discretionary power to give due consideration to economic and technological capabilities as well as the local ecological conditions. The environmental regulation is influenced by government, local authorities and the industry as well as a multitude of citizen groups, environmental organizations and neighbours which all have the right to appeal the issuing of permits, and in addition they have free access to all information on compliance and can even report violations to the local police.
The Occupational Health and Safety Act is also a framework law, but the regulation is executed by special government labour inspectorates who monitor firm compliance with national standards set by the Ministry of Labour in joint collaboration with the parties on the labour market. Besides command and control the regulation is also based on a participatory model. In firms with more than ten employees it is mandatory that a joint management-labour health and safety committee is created. This committee is responsible for administering the health and safety law, while the labour inspectorates' role is to enforce the law and advise the firms of how best to comply with it. The parties on the labour market have big direct influence on decisions on how occupational safety and health problems are to be regulated, but other stakeholders are not taking part in the decision making.
Because of the differences in the administrative system (centralized/decentralized) and the participation of a wide group of stakeholders in environmental protection it is probably unlikely that the two areas of public policy can be fused. This was also the result of the political debates in 1991 which concluded that collaboration from the bottom, with better exchange of information, joint inspection of firms, etc., should be tried out first.
Besides curbing the growth in public spending and improving the service, another consideration has recently emerged that points to the necessity of co-operation between the two administrative bodies. The development and dissemination of cleaner technologies have been adopted recently as one of the main concerns of the environmental protection authorities and are now cornerstones in the new Environmental Protection Act. new strategy the environmental authorities have moved their regulatory efforts from pollution control to influencing the technologies used in the firm, both when it comes to the specific production technologies as well as work routines, the use of raw materials, and so on. Changes of the production process will probably often have an adverse impact on the working environment, and environmental protection is thereby intermingled with occupational safety and health considerations. This is accentuated by the labour inspectorates' focus on production processes which also emphasize substitution of hazardous materials. In the long run this at least necessitates improved and increased co-operation between the two regulatory bodies.
Recently, investigations have been made concerning the connections between environmental protection and occupational health and safety [16] [17] [18] . In all cases it was shown that in the actual regulation there was very little overlap between the regulations made by the two authorities. When larger groups of industries were examined it was concluded that the two authorities almost exclusively kept to their own area of regulation, and very seldom used the existing channels of co-operation to comment on and influence each others' regulation. Contrary to this it has been demonstrated that some of the specific cleaner technologies developed have an impact on occupational safety and health [19] . The reason why this connection does not show in the broader investigations is probably that cleaner technologies have not yet been disseminated to larger groups of industries [5] . At least in the long run it must be expected that co-operation will increase concomitant with the increasing adoption of cleaner production measures in industry.
Methods
In this investigation we have examined closely the adoption of different "abatement technologies" in a group of 30 Danish firms. The firms all belong to the iron and metal industry. Fourteen of the firms are electroplaters and the remaining 16 firms apply a wide variety of traditional manufacturing technologies processes such as welding, cutting, sandblasting, degreasing, pickling, painting.
The electroplating firms are generally small with typically two to 200 employees. Iron manufacturers with an in-house electroplating department, which we have included in the electroplating category, are larger in general, in this investigation with up to 200 employees and a turnover of up to 250 million Danish kroner. Firms executing only electroplating have normally only two to 20 employees and a turnover of only a few million Danish kroner. The processes used in typical electroplating firms or departments are grinding and polishing of items, degreasing and electroplating [20] .
The iron manufacturers are also small, although a few firms are larger than the traditional definition of small and medium sized industries. The sizes of the investigated firms are from six to 650 employees and a turnover of up to 700 million Danish kroner. This subdivision of firms comprises a wide variety of firms manufacturing iron or different sorts of stainless steel using processes like welding, cutting, punching, sandblasting, grinding, pickling, degreasing, painting, and some times even electroplating. The subdivision into two groups is thus not clear-cut but is made with reference to the firm's main activities [21] .
The Data were collected starting from 1974, or commencement of production, to the end of 1991. The firms were located in ten different municipalities and covered by three different labour inspectorates. The abatement measures we looked into were all instigated to improve environmental or occupational safety and health conditions. For all identified abatement measures we have tried to outline a picture of the reason behind their adoption. We classify the reasons or incentives to have been attitudes or of an economic or legal character. Thus, we are able to give a more detailed account of the forces shaping the firms' environmental and occupational safety and health performance.
With a cross-referencing methodology like this we hope to be able to draw a more detailed picture of the established measures and the reasons for their adoption. To rely on interviews only with managers or on perusal of archives, whether at the municipalities or the labour inspectorates, would not be sufficient. Often the managers recount for the adopted measures in a one-sided way, overestimating their own influence on the course of [ Not all technological changes made from 1974, or commencement of production, have been identified. The reason is that detailed knowledge of this is not available. The descriptions in the archives of the municipalities and the labour inspectorates give mainly a picture of changes in which these authorities have played a role, but they probably do it with the same validity in all the years from 1974 until now. The information we gather from the managers in the firm often includes technological changes not mentioned in the archives, but this information is biased with regard to the time horizon. Managers typically had not been employed by the firm since 1974 or commencement of production, and therefore obviously do not have information of all preceding changes. Besides, most of the managers have a limited memory of these changes. The later the changes the more reliable their knowledge or memory of them. This difference in memory of the different sources of information will lead probably to an overestimation of the legal sources of influence on technological change. As a consequence of the difference in memory, future investigations should focus only on shorter span of years (e.g. three to five years) to make sure that no overestimation of legal sources takes place. A second weakness concerns the character of technological changes taken into consideration. Technological changes also include changes in the organizational context and in knowledge related to the technology. Most changes identified are of a more technical nature. This implies that changes in work routines and organizational set-up often are overlooked, because they are seldom in the focus of the regulatory bodies, as well as often overlooked by the managers who share an engineering bias towards more hard-core technicalities. This potentially leads to an overestimation of technical changes.
Technological changes in the two groups of industries
In the 30 firms we have identified 268 adopted "technological measures". In the following we will analyse these in relation to two dimensions. First, we are interested in finding the relation between the media (water, air, noise, etc.) and the changes carried out. Second, we are interested in unveiling the reasons given for the changes, i.e. whether they relate to attitudes or are of an economic or legal origin. Furthermore we try to underline some of the differences between the two subdivisions of enterprises, the electroplating firms and the iron manufacturers.
In the following we will differentiate between technological changes made on four different media. The water medium signifies that changes are caused by problems relating to discharge of wastewater. Air medium signifies problems in relation to air quality whether in the working environment or in the environment surrounding the firm. Noise also covers problems in the working environment as well as the surroundings of the firm. The category "miscellaneous" encompasses a variety of problems, either related to skin allergy problems caused by manipulation of different materials or the more general risk exposure connected with the handling of chemicals.
In Table I we have outlined the numbers of technological changes made in relation to the four categories of media for the two types of industry.
In the electroplating firms we found an average of 7.9 adopted technological measures, while the iron manufacturers reached an average of 9.9 per firm. Thus, the electroplaters have been less "innovative" than the other firms within the iron and metal industry. This is in accordance with our general impression of the regulatory efforts of the public authorities. Although the electroplaters are intensely regulated by the municipalities regarding their wastewater discharges [22] they are also known to be small firms that are not in the focus of the labour inspectorates' work [23] . Moreover, as small firms they often do not have a health and safety committee, which, as mentioned above, is a part of the occupational safety and health regulatory system. Another cause for the differences between the two groups of firms could be the variety of processes used. In the electroplating firms or departments only a few different processes are used, while processes such as welding, cutting, painting, etc. are also used in the other types of firms.
[ 8 ] As is clearly seen from Table I we find technological changes within all four types of media, although more than half of them are found in connection with the air medium. There are major differences between the two groups of firms. The electroplaters are regulated most intensively on the water medium and partly on air as well. The iron and metal firms are regulated almost exclusively in connection with the air medium. These differences mirror the various types of problems encountered in the two groups of firms. These differences are obvious when we look closer into the two media, water and air. Measures caused by problems related to air are 6.4 per iron and metal firm and only 2.9 for electroplaters. Taking the toxicity of vapours from electroplating baths into consideration we must conclude that the firms belonging to the category iron and metal must owe their high degree of regulation to the multitude of different processes used in each firm, processes that almost all affect the air medium. When it comes to the water medium we find, as expected, that more measures have been implemented in the electroplating firms (3.4 per firm) while these have been under regulatory pressure in the 1980s because of problems with heavy metal content in sludge from municipal wastewater treatment plants. The iron and metal firms also have a variety of processes creating wastewater. Among these pickling, painting and water-based degreasing are known to contribute to heavy metal pollution of the wastewater. These sources are smaller and thus often not regulated or regulated later than the effluents from electroplating baths. Additionally, other wastewater problems from these sources are of minor concern while they primarily relate to the discharge of oil and grease. Thus the other iron and metal firms have fewer implemented measures with relation to the water medium (0.9 per firm).
It is also conspicuous that only few measures are implemented in relation to noise, although this topic is widely discussed in the industry and considered in the urban and local planning.
The impact of different incentives and forces
For each of the technological measures we have tried to identify the reason behind its adoption. The forces and incentives affecting the adoption of these measures can be municipal regulation, the regulation of the labour inspectorate, the attitudes and policies of the health and safety committee, economic considerations or management attitudes. If this information is seen in relation to the media we reach the following results for the two groups of industries (Tables II and III ). All in all we see that regulation plays the dominant role. Together municipal environmental regulation and labour inspectorates caused 73.7 and 78.2 per cent of the implemented measures respectively in the two groups, where the municipalities regulate most actively in relation to the water medium and the labour inspectorate to the air medium. Even though regulatory activities may be overestimated, it must be concluded that they play a rather dominant role in the implementation of these measures. In contrast to this we must conclude that economic reasons are marginal, even though there might be an underestimation of older measures instigated this way. Economic reasons do play a role in the adoption of measures in relation to the water medium in the electroplating firms, but this is in line with the expectation, while it is one of the few areas in which charges and user fees are imposed.
Regulation and economic incentives are both external forces affecting the firm and its adoption of technological measures, and in both groups of industries we find that approximately 80 per cent of all measures are caused by external factors. In contrast to these external forces, attitudes and health and safety committees are internal forces emanating from attitudes and commitments in manage- ment and/or in the labour force as well. These internal forces play a smaller but conspicuous role, amounting to 20 per cent for the two groups of industries respectively. This means that the internal forces are not as dominant as the regulatory forces but definitely of a much higher impact than economic forces. The health and safety committee plays the most conspicuous role in the iron manufacturers group while (management) attitudes are most conspicuous in the electroplating group. This underlines, as aforementioned, that health and safety committees exist and are well-functioning in the iron manufacturer group but hardly in the electroplater group. The reason for the different patterns is probably two-fold. First of all the common denominator of the two internal forces is attitudes. Management attitudes are expressed through management decisions in the firms where we do not find a health and safety committee and through the committee when it exists and functions well. The different patterns between the two groups of firms are the result of the use of health and safety committees and ultimately of the size of the firms. In the larger firms the attitudes expressed by the health and safety committees are also an effect of worker participation. But it is conspicuous that the sum of the two forces are almost equal -only a little higher There is then a certain justification for the viewpoint that worker participation actively stimulates and enhances the degree of firms' commitment to improve working conditions. This of course is rather obvious when we take into consideration all the adverse impacts that production can have on the workforce. It is also obvious from the two tables that the health and safety committees have been active when it comes to "air" and "miscellaneous". This signifies that exposure to vapours of, for example, solvents and greases causing skin allergies, has been a problem that the committees have reacted on, while problems related to wastewater have never been dealt with by the committees.
In the preceding sections we have elaborated on the adopted technological changes and the reasons given for these. One question remains to be taken into consideration, namely the relation between the two types of public regulation. In only one instance of the 268 adopted technological measures did we find that there was an overlap between the regulatory activities of the two bodies. This happened in an electroplating firm which was about to install air extraction on an electroplating bath. In all the other instances the two authorities divided the cases and the areas of interest between each other. The labour inspectorates and the health and safety committees have focused on reducing the impact of airborne pollutants in the workplace by ventilation or substitution of substances. The municipal authorities have focused on the impact on the surrounding environment mainly through imposing standards for the height of smokestacks, but in a few instances the imposition of these standards caused the firms to substitute the painting to waterbased painting or high solid solvent-based, but this substitution apparently was not noted and at least not reacted on by the labour inspectorate. The conclusion must be that at least up until 1991 the two authorities very much stuck to their traditional task and division of labour without even trying to identify and elaborate on regulations that could have negative as well as positive effects on the other party's areas of jurisdiction and interest. This conclusion is very much in accordance with results from the Danish fish processing industry [17] . If this is a correct conclusion there is no doubt that the two authorities will encounter increasing problems concurrent with the escalating implementation of cleaner technologies, but hopefully new and better practices of co-operation have developed in the meantime.
Conclusion
In this study we have found that there are profound differences between the two groups of industries -traditional iron manufacturers and electroplating firms -in the amount and types of abatement technologies adopted. The reason behind this is the differences in size and diversity of production processes used in the two groups of firms. For both groups of firms public regulation is the most common incentive, with the very obvious addition that the municipalities are regulating mainly on the water medium while the labour inspectorates regulate mainly on the air medium, the use of skin allergic chemicals, and the use and labelling of chemicals in general. Most remarkable is the minute impact that economic consideration plays, underlining that most of the adverse impacts of production, whether affecting the workforce or the environment, are seen still as "free goods" which do not have any impact on the price-setting of the products. The internalizing of the costs of production by using charges and fees is not used to such a degree -except maybe for wastewater dischargesthat economic considerations can stimulate and promote these types of technological changes. Surprisingly, internal forces, i.e. attitudes of management and employees, have a much more essential influence on the adoption of abatement measures than economic considerations. In our view this factor underlines the necessity of taking "attitudes" into greater consideration when policies are designed and implemented.
